**Core tip:** Neuroendocrine tumors are increasingly being seen in our clinical practice. There has been excellent progress in the understanding of tumor biology. Currently, we have various ways of diagnosing and treating neuroendocrine tumors. This article will discuss the epidemiology, pathogenesis and clinical aspects as well as the current treatment protocol and follow up recommendations in patients with neuroendocrine tumors.

INTRODUCTION
============

Neuroendocrine tumors (NETs) arise from the diffuse system of neuroendocrine cells *i.e.* cells with features of both nerve cells (which can receive message from the nervous system) and endocrine cells (which have the ability to synthesize and secrete monoamines, peptides and hormones)\[[@B1]\]. Neuroendocrine cells do not have any axons or nerve terminals. The electrical signals from the nervous system can be converted into hormonal signals with production of hormones, peptides and amines. As neuroendocrine cells are ubiquitous in our body, NETs can form in different organs including the gastrointestinal tract (GI), pancreas, lungs, gallbladder, thymus, thyroid gland, testes, ovaries and skin. Most of the NETs are in the GI (55%) or in the bronchopulmonary system (25%). NETs can develop throughout the GI (GI-NETs) in the following areas: The small intestine (45%), rectum (20%), appendix (16%), colon (11%), and stomach (7%)\[[@B2]\]. The diagnosis of rectal NETs has surpassed the diagnosis of small intestinal NETs (SI-NETs) since the year 2000 (except year 2001) when screening colonoscopy was implemented\[[@B3]\]. NETs are a heterogenous group of benign or malignant tumors with various morphologies and functions. The incidence and prevalence of NETs have been increasing over the last few decades\[[@B4]\]. About 40% NETs are hormone secreting\[[@B5]\]. Most NETs are slow growing with a small percentage of NETs being rapidly growing\[[@B6]\]. About 20% of NETs are associated with hereditary genetic syndromes like multiple endocrine neoplasia type 1 (MEN1) and neurofibromatosis type 1 (NF-1)\[[@B7]\]. We will review the epidemiology, classification, biology, clinical aspects, and management of GI-NETs in this article.

EPIDEMIOLOGY
============

NETs constitute only 0.5% of all malignant conditions and 2% of all malignant tumors of the GI\[[@B8]\]. In the United States, the incidence and prevalence of NETs have been increasing over the last few decades possibly due to early-stage detection, increased awareness, and widespread use of endoscopy and imaging studies for various gastrointestinal diseases. There was a 6.4-fold increase in annual age-adjusted incidence of NETs from 1973 (1.09 per 100000 persons) to 2012 (6.98 per 100000 persons). This increased incidence was found in all organs. 2000-2012 Surveillance, Epidemiology, and End Results (SEER) 18 registry showed the highest incidence of GI-NET to be 3.56 per 100000 population\[[@B9]\]. The prevalence also increased from 0.006% in 1993 to 0.048% in 2012. NETs are more prevalent in females than in males with a ratio of 2.5:1\[[@B10]\]. Bronchopulmonary NETs are more common in Caucasians\[[@B11]\] whereas GI-NETs are more common in African Americans\[[@B12]\].

CLASSIFICATION OF GASTROINTESTINAL NET
======================================

In 2017, the World Health Organization (WHO) updated the classification of NET. The histologic grading is based on mitotic index and Ki-67 index which are recorded in hot spots of the tumor. During cell division, Ki-67 protein is found in the cell nucleus. The proportion of Ki-67 -- positive tumor cells (Ki-67 index) correlates with cellular proliferation, clinical course and its prognosis. Higher grade is considered if there is any discrepancy between mitotic index and Ki-67 index. The mixed adenoneuroendocrine carcinoma was renamed as MiNEN (mixed neuroendocrine neoplasm) considering that the mixed neoplasms may contain non-endocrine component other than adenocarcinoma, for example acinar cell carcinoma or squamous cell carcinoma. Each component must be at least 30% to fall into the category of MiNEN\[[@B13]\]. The 2017 WHO Classification of GI-NETs is outlined in the Table [1](#T1){ref-type="table"}\[[@B14]\].

###### 

World Health Organization classification of gastrointestinal neuroendocrine tumors

  **Well-differentiated neuroendocrine neoplasms (NENs)**                                                                        
  -------------------------------------------------------------------------------------------------------- --------------------- --------------------------
  NET grade 1 (G1)                                                                                         \< 3                  \< 2
  NET grade 2 (G2)                                                                                         3-20                  2-20
  NET grade 3 (G3)                                                                                         \> 20                 \> 20
  **Poorly differentiated neuroendocrine neoplasms (NENs)**                                                                      
                                                                                                           **Ki-67 index (%)**   **Mitotic index/10 HPF**
  NEC grade 3                                                                                              \>20                  \>20
  -Small cell type                                                                                                               
  -Large cell type                                                                                                               
  **Mixed neuroendocrine neoplasms (MiNEN)**                                                                                     
  Source: Adapted from WHO Classification of Tumors of Endocrine Organs, Fourth edition (2017)\[[@B14]\]                         

HPF: High-power field; NET: Neuroendocrine tumor; NEC: Neuroendocrine carcinoma.

BIOLOGY OF NET
==============

NETs are slowly growing tumors. As mentioned before, neuroendocrine cells have both neural and endocrine characteristics. They have cytoplasmic dense core granules which contain chromogranin A (CgA), synaptophysin and Neuron-specific enolase (NSE) and can synthesize and secrete various physiologically active monoamines, peptides and hormones. CgA and synaptophysin are necessary for diagnostic confirmation but proliferative index of Ki-67 and mitotic index are necessary for prognostic information. CgA is released from the cytoplasmic chromaffin granules into the blood, and as a result, serum CgA is raised in both non-functioning and functioning NETs. Serum CgA is the most commonly used biomarker to assess the disease burden and monitor treatment response\[[@B15]\]. The type of hormone secreted by functioning NETs varies with different organs. While GI-NETs synthesize and secrete serotonin and other vasoactive amines, Pancreatic-NETs (P-NETs) produce and secrete gastrin, insulin, glucagon and somatostatin\[[@B16]\]. Recently, there has been tremendous progress in the understanding of tumor microenvironment (TME) of NETs. TME consists of stromal cells, extracellular matrix (ECM), endothelial cells and inflammatory cells. NET cells activate and proliferate stromal cells *i.e*., fibroblasts by secreting various soluble factors which include serotonin, fibroblast growth factor (FGF), platelet-derived growth factor (PDGF) and transforming growth factor β (TGF-β). Fibroblast activation leads to local and distant fibrosis. Some peculiar changes are seen in the ECM of NETs. In SI-NET, focal desmoplasia is common\[[@B17]\] and this is due to the presence of plenty of myofibroblasts/stellate cells producing collagen III fibers, desmin and vimentin\[[@B18]\]. Somatostatin receptors and their downstream pathways have been found to be primary regulators of neuroendocrine cell proliferation, protein synthesis and hormone secretion\[[@B19]\]. Various proangiogenic factors are secreted by NET cells. These include vascular endothelial growth factor, FGF, PDGF, semaphorins and angiopoietins. These lead to endothelial cell recruitment, proliferation, and neovascularization making the tumor highly vascular (density of microvessels becomes 10 times higher than that in epithelial tumors)\[[@B20]\]. Different immune cells (T cell, B cells, macrophages, dendritic cells, NK cells and mast cells) infiltrate the NETs making the TME immunosuppressed; this is more pronounced in P-NETs than SI-NETs probably due to a higher mutation rate in P-NETs\[[@B21]\]. CD+FoxP3+ T regulatory (Treg) and tumor-associated macrophage infiltration have been associated with high-grade NET\[[@B22],[@B23]\] and poor prognosis. Soluble inhibitory factors secreted by NETs impair the maturation and function of dendritic cells, and as a result, antigen presentation to dendritic cells becomes impaired. NK cells also show impaired cytolytic activity in patients with GI-NETs. Tumor-infiltrating neutrophils, mast cells and macrophages can cause complex inflammatory and angiogenic responses. It is not known whether tumor-infiltrating lymphocytes have anti-tumor activity in the TME that can lead to an indolent course of NETs. Checkpoint proteins are heterogeneously expressed in G1/G2 NETs. NEC and 3% of P-NETs express enough checkpoint proteins to become appropriate candidates for immunotherapy\[[@B16]\]. Thus, TME not only controls the behavior, growth, invasive and metastatic capabilities, and local and systemic immune suppressive effects of NETs but also response to treatment.

CLINICAL ASPECTS OF GI-NETS
===========================

Gastric NETs
------------

Most of them develop from enterochromaffin-like cells (ECL cells) while a small proportion develop from non-ECL cells of gastric mucosa. G-NETs constitute 7% to 8% of all NETs. The incidence of gastric NETs (G-NETs) has been increasing (more than 10-fold over the last 30 years)\[[@B24]\]. As per the SEER 9 registry, the incidence of G-NETs increased from 0.31 per 1000000 persons in 1975 to 4.85 per 1000000 persons in 2014\[[@B25]\]. The increased incidence is probably due to multiple factors including the extensive use of upper endoscopies, evaluation of subepithelial lesions by endoscopic ultrasonographies (EUS), improved immunohistochemical staining, imaging modalities, tumor biomarkers, molecular markers and increased awareness of the diagnosis. There are rare reported cases of well-differentiated NENs (gastric carcinoids) developing after long-term use of proton pump inhibitors\[[@B26],[@B27]\]. G-NETs are classically categorized into 4 types\[[@B28]\] as described below and summarized in Table [2](#T2){ref-type="table"}.

###### 

Summary of different types of gastric neuroendocrine tumors

                                 **Type I**                                                              **Type II**                                                   **Type III**                                                              **Type IV**
  ------------------------------ ----------------------------------------------------------------------- ------------------------------------------------------------- ------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------
  Distribution                   70% to 80% of all GNETs                                                 5% to 6% of all GNETs                                         15% to 20% of all GNETs                                                   Most rare
  Cell of origin; And location   ECL; Gastric body and fundus                                            ECL; Gastric body and fundus                                  ECL in most cases; Anywhere in stomach                                    Non-ECL; Anywhere in stomach
  Gastrin status                 Hypergastrinemia                                                        Hypergastrinemia                                              Normogastrinemia                                                          Hypergastrinemia -1/3^rd^ of cases
  Gastric mucosa                 Atrophic                                                                Hypertrophic                                                  Normal                                                                    Atrophic most of the time but can be hypertrophic
  Endoscopically                 Multiple subcentimeter polypoid lesions                                 Multiple small (1 to 2 cm) polypoid lesions                   Large (\> 2 cm), solitary polypoid lesion                                 Large (\> 4 cm) polypoid lesion
  Treatment                      Polypectomy, EMR, ESD, wedge resection of stomach, gastric antrectomy   Surgical resection of gastrinoma and aggressive gastrectomy   Partial or total gastrectomy and regional lymphadenectomy, chemotherapy   Partial or total gastrectomy with regional lymphadenectomy followed by adjuvant chemotherapy

ECL: Enterochromaffin-like cells; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; GNETs: Gastric neuroendocrine tumors.

**Type I:** It is the most common type of G-NETs accounting for 70%-80% of all G-NETs. It occurs in response to hypergastrinemia in the setting of achlorhydria (gastric pH \> 7) typically seen in autoimmune chronic atrophic gastritis (CAG) where gastric parietal cells in the gastric body and fundus are destroyed by an autoimmune process. About 5% of autoimmune CAG may develop type I G-NET. It can also occur in *Helicobacter pylori*-induced CAG with hypergastrinemia\[[@B29]\]. Hypergastrinemia leads to ECL cells hyperplasia and promotes the formation of G-NETs in patients with CAG\[[@B30]\]. Most of the time, G-NETs are diagnosed incidentally in the investigation of patients with anemia or dyspepsia or other gastrointestinal symptoms. Endoscopically, they generally appear as smooth, rounded, subcentimeter, subepithelial multiple polypoid lesions with or without central depression in the gastric fundus or gastric body\[[@B31]\]. EUS may show a hypoechoic or isoechoic lesion with regular margins in the lamina propria (2^nd^ echo layer) or submucosa (3^rd^ echo layer)\[[@B32]\]. EUS is also helpful in finding out local metastasis to lymph nodes which generally occurs in 5% of cases. Computerized tomography (CT) or magnetic resonance imaging (MRI) should be done to rule out any distant metastasis which can happen in 2% of cases. Histologically, most G-NETs are positive for CgA, NSE, and vesicular monoamine transporter 2 (characteristic of histamine producing cells). A multi-disciplinary team should be involved to individualize treatment. Endoscopic resection either by polypectomy, endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD) is the treatment of choice if the lesions are not extensive\[[@B33]\]. But if the lesions are large (\> 1 cm), extensive (involving the muscularis propria on EUS), multifocal (\> 5) and recurrent on a previous endoscopic resection site, wedge resection of the stomach or even gastric antrectomy should be considered to eliminate the source of gastrin\[[@B34]\]. But all NEC should be treated by radical gastrectomy\[[@B35]\]. Patients should have surveillance endoscopy every 6 mo following endoscopic resection or surgery. The prognosis of type I G-NETs is excellent with a 5-year survival of almost 100% (90%-95%)\[[@B36]\]. One study suggested that Netazepide (a gastrin/cholecystokinin 2 receptor antagonist) could be a potential medical treatment of type I G-NETs as it decreased the number and size of type I G-NETs as well as serum CgA\[[@B37]\].

**Type II:** It is the least common type of G-NETs accounting for 5%-6% of all G-NETs. It occurs in response to hypergastrinemia in the setting of hyperchlorhydria (gastric pH ≤ 2) typically associated with MEN1-Zollinger-Ellison syndrome (ZES) and rarely sporadic ZES\[[@B38]\]. In patients with normal gastric mucosa, hypergastrinemia causes gastric mucosal hypertrophy, ECL hyperplasia and dysplasia. However, a defect in the suppressor protein menin due to mutation of MEN1 gene located on chromosome 11q13 leads to transformation of G-NET\[[@B39]\]. As a result, G-NETs occur in \< 1% of sporadic ZES and 13%-43% of MEN1-ZES\[[@B40]\]. Endoscopically, they appear as multiple, small (1-2 cm) polypoid lesions in the stomach. Histologically, they are generally well differentiated NENs limited to muocsa and/or submucosa. Metastasis can occur in 10% to 13% of cases. Treatment includes surgical resection of gastrinoma and aggressive gastrectomy. There are some case series showing somatostatin analogue octreotide could regress the type II G-NETs and serum gastrin levels\[[@B41]\]. The prognosis of type II G-NETs is good with a 5-year survival of 70%-90%.

**Type III:** These are sporadic G-NETs accounting for 15%-20% of all G-NETs. They occur most commonly in men over the age 50 years in the presence of normogastrinemia and normal gastric mucosa. They develop from ECL cells in most cases in the absence of ECL hyperplasia and are not dependent on gastrin. Patients are often asymptomatic or may present with abdominal pain, weight loss and iron deficiency anemia (IDA)\[[@B42]\]. Hepatic metastasis can be the initial presentation. Endoscopically, they appear as a large (\> 2 cm), solitary, polypoid tumor arising from the gastric body, fundus or gastric antrum. Histologically, they are aggressive grade 3 NECs with high potential for local and distant metastasis (\> 50%) regardless of their size. Treatment of non-metastatic type III G-NET is surgical resection (partial or total gastrectomy) and regional lymphadenectomy\[[@B43]\]. Treatment options for metastatic lesions include octreotide (for carcinoid syndrome) systemic chemotherapy (streptozocin, 5-fluorouracil with leucovorin, cyclophosphamide, doxorubicin, oxaplatin, dacarbazine), molecular targeted agents (bevacizumab, sunitinib, sorafenib, everolimus), targeted radionucleotide therapies (indium-DTPA-octreotide, Lutetium-DOTA-Tyr3-octreotide, Yttrium-DOTA-Tyr3-octreotide), transarterial chemoembolization (TACE) and radiofrequency ablation (for symptomatic hepatic metastasis)\[[@B44]\]. Type III G-NET carries a worse prognosis with a 5-year survival rate of less than 35%.

**Type IV:** They are the most rare of all G-NETs. They occur more commonly in males above the age of 60 (mean age 63-70 years). They are of non-ECL cell origin and gastrin-independent. Hypergastrinemia is seen in one third of cases and CAG is frequently (82% of cases) present\[[@B10]\]. Patients may present with dyspepsia, gastrointestinal bleed, IDA and weight loss. Endoscopically, the tumor appears as a large (usually \> 4 cm) polypoid tumor anywhere in the stomach. At the time of diagnosis, type IV G-NETs may have already metastasized to the lymph nodes and liver. Histologically, they are aggressive NECs grade 3 almost identical to gastric adenocarcinoma except for the presence of endocrine cells in the tumor matrix. Angioinvasion, lymphoinvasion and deep wall invasion are also present. Immunohistochemically, CgA may be absent but NSE and synaptophysin are strongly expressed\[[@B45]\]. Treatment of localized type IV G-NET includes partial or total gastrectomy with regional lymphadenectomy followed by adjuvant chemotherapy. Cisplatin-based chemotherapy (etoposide plus platinol) is offered as the first line treatment for metastatic type IV G-NET. FOLFOX (folinic acid, fluorouracil and oxaliplatin) and FOLFIRI (folinic acid, fluorouracil and irinotecan) are considered as second-line treatment options when Cisplatin-based therapy fails\[[@B46],[@B47]\]. The prognosis is extremely poor with a mean survival of 6.5-14.9 mo\[[@B48]\].

SI-NETs
-------

Their incidence has surpassed that of small bowel adenocarcinomas. Currently the most common primary small bowel malignancy accounting for 25% of all GI-NETs\[[@B1]\], SI-NETs arise from eneterochromaffin cells located at the base of the intestinal crypts in the submucosa. The incidence of SI-NET has increased probably due to increased diagnostic modalities. As per SEER registry, the age-adjusted annual incidence of jejunal and ileal NETs is 0.67 per 100000 population in the United States\[[@B49]\]. SI-NETs are indolent, often multifocal and have a distal predilection. More than two thirds of SI-NETs are in the terminal ileum within 60 cm of ileocecal valve. The approximate distribution of SI-NET is duodenum--2%, jejunum-7% and ileum-89%\[[@B50]\]. Patients with SI-NETs frequently experience clinical symptoms. SI-NETs metastasize to distant locations more often than other types of NETs\[[@B51]\]. Duodenal and jejuno-ileal NETs are biologically and clinically distinct\[[@B52]\].

Duodenal NETs
-------------

They are becoming more prevalent. They represent 2% to 3% of all GI-NETs. More commonly seen in males, the mean age of diagnosis is 6^th^ decade of life. Most of the duodenal NETs (d-NETs) are solitary, small lesions limited to the duodenal mucosa and submucosa. The majority remain silent and are diagnosed incidentally during routine investigations. At the time of diagnosis, 40% to 60% of d-NETs are already metastatic to regional lymph nodes and 10% to the liver. Tissue diagnosis is generally done by endoscopic biopsy or EUS with fine needle aspiration (FNA). All patients with d-NETs should be checked for fasting serum gastrin, serum CgA and screen for MEN1 syndrome. 5-types of d-NETs are found. These are described as follows and summarized in Table [3](#T3){ref-type="table"}\[[@B53]\].

###### 

Summary of different types of duodenal neuroendocrine tumors

                        **Gastrinomas**                                                                                                                                                                                                                                                                                                                                                                                                                                                 **Somatostatinoma**                                                                                                                                                                                                                 **Gangliocytic paraganglioma**                                                                                                                  **Non-functioning d-NETs**                                                                                                                                                                                       **Duodenal NECs**
  --------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------
  Location              Proximal duodenum. \> 80% gastrinoma triangle                                                                                                                                                                                                                                                                                                                                                                                                                   Ampullary or peri-ampullary region                                                                                                                                                                                                  Peri-ampullary region                                                                                                                           Proximal duodenum                                                                                                                                                                                                Peri-ampullary region
  Presenting symptoms   Chronic diarrhea, recurrent and refractory peptic ulcer disease, gastroesophageal reflux disease                                                                                                                                                                                                                                                                                                                                                                Nausea, abdominal pain, weight loss, obstructive jaundice or very rarely somatostatinoma syndrome                                                                                                                                   Asymptomatic, gastrointestinal bleeding, anemia, abdominal pain                                                                                 Asymptomatic or nausea, vomiting                                                                                                                                                                                 Asymptomatic, nausea, vomiting, gastrointestinal bleeding
  Diagnosis             BAO/MAO \> 0.6, positive Secretin suppression test, EUS, somatostatin receptor scintigraphy (SRS), CT, MRI, selective angiography, Indium 111-labeled diethylenetriamine penta-acetic acid (DTPA) octreotide and (68)Ga-DOTATE PET/CT scan                                                                                                                                                                                                                      CT, MRI, endoscopy, EUS-FNA                                                                                                                                                                                                         Endoscopy, EUS-FNA, CT                                                                                                                          Endoscopy, EUS-FNA                                                                                                                                                                                               Endoscopy, EUS-FNA
  Treatment             Surgical resection or enucleation of the tumor without pancreaticoduodenectomy for nonmetastatic duodenal gastrinoma. In patients with duodenal gastrinoma with hepatic metastasis treatment options include hormonal therapy with octreotide, chemotherapy (streptozocin, doxorubicin, 5- fluorouracil), radiotherapy with yttrium 90-DOTA-lanreotide, hepatic embolization alone or with chemoembolization, cytoreductive surgery and liver transplantation   Endoscopic resection should be adequate if the NET is less than 1 cm. Transduodenal excision should be done for 1-2 cm tumor. But Whipple's surgery with local lymph node resection should be considered for more than 2 cm tumor   Endoscopic resection or radical excision including pancreaticoduodenectomy depending on the size, depth of invasion and lymph node metastasis   Transduodenal resection is indicated for d-NETs invading the muscularis propria. Radial surgery is advocated for d-NETs \> 2 cm in diameter, d-NETs with lymph nodes involvement and all peri-ampullary d-NETs   radical surgery or chemotherapy

BAO: Basal acid output; MAO: Maximal acid output; (68)Ga-DOTATE PET/CT scan: Gallium -68 DOTATE positron emission tomography/computerized tomography scan; d-NETs: Duodenal neuroendocrine tumors; CT: Computerized tomography; MRI: Magnetic resonance imaging; EUS: Endoscopic ultrasonography; FNA: Fine needle aspiration.

**Gastrinomas:** They are subcentimeter multiple tumors originating from G-cells in the submucosal layer of proximal duodenum (D1-57%, D2-31%, D3-6% and D4-3%)\[[@B54]\] and secrete excessive gastrin. They account for about 10% of all d-NETs. They are the most common functional d-NETs followed by somatostatinoma \> 80% of gastrinomas arise in the gastrinoma triangle (arbitrarily defined - superiorly confluence of cystic duct and common bile duct, inferiorly 2^nd^ and 3^rd^ portion of duodenum, and medially body and neck of pancreas). Duodenal wall gastrinoma is seen in 40%-50% of all gastrinoma. They are the most common cause of ZES. They could be sporadic (75%) or part of MEN1-ZES. Clinically they present with chronic, recurrent and refractory peptic ulcer disease (PUD), chronic diarrhea, and gastroesophageal reflux disease (GERD)\[[@B55]\]. 54% of duodenal gastrinomas can be malignant\[[@B56]\]. Gastrinomas are generally diagnosed biochemically by the presence of high fasting serum gastrin level, basal acid output (BAO)/maximal acid output (MAO) \> 0.6 and positive Secretin suppression test. Duodenal gastrinomas can be localized by various investigations which include EUS, somatostatin receptor scintigraphy (SRS), CT, MRI, selective angiography, Indium 111-labeled diethylenetriamine penta-acetic acid (DTPA) octreotide and (68)Ga-DOTATE PET/CT scan\[[@B57]\]. Recent studies suggest that (68)Ga-DOTATE PET/CT scan is more sensitive and specific than ^111^In-DTPA-Octreotide scan in detecting primary and metastatic NETs\[[@B58]\]. Intraoperative endoscopic transillumination of duodenal wall (transillumination from the serosal side by the surgeon while examining the mucosal side by the endoscopist) is also very helpful in detecting duodenal wall gastrinomas\[[@B59]\]. The treatment of nonmetastatic duodenal gastrinoma is surgical resection or enucleation of the tumor without pancreaticoduodenectomy. In patients with duodenal gastrinoma with hepatic metastasis, treatment options include hormonal therapy with octreotide, chemotherapy (streptozocin, doxorubicin, 5-fluorouracil), radiotherapy with yttrium 90-DOTA-lanreotide, hepatic embolization alone or with chemoembolization, cytoreductive surgery and liver transplantation\[[@B60]-[@B63]\].

**Somatostatinoma:** They originate from D-cells in the ampullary or periampullary region of the duodenum and secrete excessive amount of somatostatin. They can be sporadic or part of MEN1 syndrome or associated with NF-1. They occur in up to 10% of patients with NF-1. Somatostatinomas are generally solitary, large, malignant tumors and have metastasized to lymph nodes or the liver at the time of diagnosis. Clinically, duodenal somatostatinomas may present with non-specific or mechanical symptoms like nausea, abdominal pain, weight loss, obstructive jaundice or very rarely somatostatinoma syndrome which consists of the triad of diabetes mellitus, cholelithiasis and steatorrhea\[[@B64]\]. Most of the time, duodenal somatostatinomas are detected incidentally during imaging studies like CT or MRI or endoscopy. They can be further evaluated by EUS with FNA or FNA biopsy (FNAB). Histologically, psammoma bodies are present inside the tumor cells in 68% cases of duodenal somatostatinoma\[[@B65]\]. Endoscopic resection should be adequate if the NET is less than 1 cm. Transduodenal excision should be done for 1-2 cm tumor. But Whipple's surgery with local lymph node resection should be considered for tumors that exceed 2 cm\[[@B66]\].

**Gangliocytic paraganglioma:** They are rare duodenal NETs with a predilection for the second part of duodenum near the ampulla. The tumor mostly exhibits a benign nature except regional lymph node metastasis in 5% to 7% of cases. The tumor size varies from 0.5 cm to 10 cm (average 2.5 cm). They can remain asymptomatic or present with gastrointestinal bleeding and anemia due to mucosal ulceration or abdominal pain due to mass effect\[[@B67]\]. They are generally detected during imaging studies done for other indications. Endoscopically, they look like subepithelial tumors, deeming mucosal biopsy nondiagnostic. The tumors are isoechoic on EUS. CT can identify them as soft tissue masses. Histologically, they consist of spindle, epitheloid and ganglion cells and the diagnosis is confirmed by immunohistochemical staining\[[@B53]\]. Treatment includes endoscopic resection or radical excision including pancreaticoduodenectomy depending on the size, depth of invasion and lymph node metastasis\[[@B68],[@B69]\].

**Non-functioning d-NETs:** The majority (90%) of d-NETs are non-functional and are detected during routine endoscopy done for other reasons. Patients may remain asymptomatic or present with obstructive symptoms like nausea, vomiting or jaundice. EMR should be considered for d-NETs \< 2 cm confined to submucosa. Transduodenal resection is indicated for d-NETs invading the muscularis propria. Radial surgery is advocated for d-NETs \> 2 cm in diameter, d-NETs with lymph nodes involvement and all peri-ampullary d-NETs\[[@B70],[@B71]\].

**Duodenal NECs:** They are extremely rare aggressive tumors proximal to the ampullary region. Patients may present with abdominal pain, nausea, vomiting and gastrointestinal bleeding. Upper endoscopy may show a polypoid mass near the ampulla\[[@B72]\] and this is further evaluated by EUS-FNA/FNAB. Histologically solid "sheetlike" proliferation of tumor cells with high mitotic index is found\[[@B73]\]. In comparison to well-differentiated NENs, duodenal NECs are more invasive in terms of lymphovascular invasion, duodenal wall invasion beyond submucosa, local lymph node metastasis and distant metastasis\[[@B74]\]. Its course of deterioration is rapidly progressive despite radical surgery or chemotherapy\[[@B75]\].

Jejuno-Ileal NETs
-----------------

They account for 23% to 28% of all GI-NETs\[[@B76]\]. Most of the Jejuno-Ileal NETs (JI-NETs) are nonfunctioning. The mean age of diagnosis is 6^th^ or 7^th^ decade of life with no sex predilection\[[@B77]\]. The JI-NETs are generally \> 2 cm in size, and consist of multiple tumors in up to 40% of cases\[[@B78]\]. At the time of diagnosis, 70% of them have invaded the muscularis propria with metastasis to the regional lymph nodes, and 50% of patients may have hepatic metastasis regardless of tumor size\[[@B79]\]. The hallmark of JI-NETs is desmoplastic reaction leading to mesenteric fibrosis which may manifest in about 50% of cases\[[@B80]\]. Fibrosis around the metastatic lymph nodes causes mesenteric contraction which can kink the small bowel resulting in intestinal obstruction. Mesenteric fibrosis can also impinge on the mesenteric blood vessels giving rise to mesenteric ischemia in about 10% of affected patients\[[@B81]\]. Desmoplastic reaction can also involve the retroperitoneum leading to retroperitoneal fibrosis, obstructive uropathy and hydronephrosis. Clinically, patients may be completely asymptomatic or may present with abdominal pain, intestinal obstruction, gastrointestinal bleeding and decreased urination. Radiologically, mesenteric fibrosis appears as a mesenteric mass with linear soft tissue opacities and possible calcification radiating outwards in a "wheel spoke" pattern. Mesenteric fibrosis does not depend on the NET size or Ki-67 proliferative index. It is associated with not only various comorbidities but also distant metastasis and poor prognosis\[[@B82]\]. Diagnostic modalities include: (1) Biomarkers: Serum CgA, serum NSE and urinary 5-hydroxy indole acetic acid (as a marker of carcinoid syndrome); (2) Diagnostic endoscopy: Capsule endoscopy and balloon-assisted or spiral endoscopy; and (3) Diagnostic imaging: SRS (Octreoscan), (68)Ga-DOTATE PET/CT or ^111^In-DTPA-Octreotide scan.

Treatment of JI-NET includes surgical resection of primary NET with regional lymphadenectomy even in the presence of hepatic metastasis. There is no role of chemotherapy in well- differentiated JI-NEN. Combination chemotherapy -capecitabine and temozolomide for metastatic poorly differentiated JI-NEN\[[@B83]\], and combination of cisplatin or carboplatin and etoposide for JI-NEC\[[@B84]\] have been found to be helpful. Hepatic metastasis can be treated by octreotide therapy, transarterial embolization with microparticles (bland embolization), TACE, radiotherapy (peptide receptor radionucleotide therapy) with yttrium 90-DOTA-lanreotide or 177-lutetium-DOTA-lanreotide, and radiofrequency ablation. The 5-year survival rate of JI-NET is 60% in non-metastatic disease but becomes 18% when metastatic to the liver.

Carcinoid syndrome
------------------

It is the combination of symptoms which occur in about 20%-30% of cases of JI-NETs when they metastatize to the liver. The syndrome occurs when bioactive amines and peptides (about 40 different types) produced by the NETs enter the systemic circulation. 90% of carcinoid syndrome have metastatic NETs to the liver except bronchopulmonary NETs, ovarian NETs and GI-NETs with extensive retroperitoneal lymph node metastasis as they can release their bioactive amines directly into the systemic circulation and do not need to be metastatic to the liver to produce carcinoid syndrome. Clinically, the syndrome is characterized by chronic flushing (occurring in 94% of patients), and/or diarrhea (occurring in 80% of patients). Other manifestations include wheezing (occurring in 10%-20% of patients) due to bronchospasm, pellagra due to niacin deficiency and carcinoid heart disease (occurring in 40%-50% of patients). Flushing is due to excessive release of tachykinins (substance P, neurokinin A, neuropeptide K) and histamine. Diarrhea is mainly due to excessive secretion of serotonin which increases gastrointestinal motility and secretion\[[@B85]\]. Bronchospasm is histamine-induced but carcinoid wheezing should not be confused with bronchial asthma as administration of beta-2 agonist may cause severe and prolonged vasodilation\[[@B86]\]. As most of the dietary tryptophan (70% instead of only 1% normally) is converted to serotonin by the NETs leading to deficiency of tryptophan necessary for niacin synthesis, niacin deficiency occurs. Carcinoid heart disease is due to histamine-induced plaque-like deposit of fibrous tissue on the endocardium and valves of right heart leading to restrictive cardiomyopathy, and tricuspid and pulmonary regurgitation with or without coexistent stenosis and ultimately right heart failure\[[@B87]\]. Diagnosis of carcinoid syndrome is supported by elevated 24 h urinary 5 hydroxylindoleacetic acid (5-HIAA) which has a sensitivity and specificity of \> 90%\[[@B88]\] and elevated serum CgA which is released from well-differentiated NETs. The level of 5-HIAA reflects tumor burden and decreases with treatment response. There are various food and medications that can affect 5-HIAA level. Tryptophan rich food (like banana, plum, pineapple, kiwi, eggplant, avocado, peanut, walnut, pecan, oats, beans, lentils, seeds, tofu, cheese, eggs, fish, chicken, turkey and red meat) can yield a false positive result. Acetaminophen, nicotine, caffeine, guaifenesin, phenobarbital and methamphetamine can increase 5-HIAA levels. Alcohol, aspirin, imipramine, methyldopa, levodopa, monoamine oxidase inhibitors, corticotropin and INH can decrease 5-HIAA level. Patients should be advised to stop taking these medications 24 h before and during urine collection.

Treatment options for carcinoid syndrome: (1) Long-acting somatostatin analog: Octreotide LAR 20 mg to 30 mg\[[@B89]\] or lanreotide 60 mg to 120 mg intramuscularly every 4 wk\[[@B90]\]. Flushing and diarrhea are improved in 80% of patients by this therapy\[[@B91]\]. If the symptoms are not adequately controlled, Octreotide LAR or lanreotide can be given every 3 wk instead of every 4 wk; (2) Hepatic resection: considered in neuroendocrine liver metastasis when 90% or more of the disease bulk can be resected keeping adequate functional hepatic reserve\[[@B92]\]. Prophylactic octreotide therapy should be given preoperatively and intra-operatively to prevent carcinoid crisis; and (3) Hepatic artery bland embolization or chemoembolization can reduce flushing and diarrhea in carcinoid syndrome\[[@B93]\]. Prophylactic octreotide therapy should be given pre and post-embolization to prevent carcinoid crisis.

In refractory symptomatic cases, other treatment options include: (1) Telotristat ethyl (tryptophan hydroxylase inhibitor) 250 mg by mouth 3 times day in combination with somatostatin analog therapy can control diarrhea in patients with carcinoid syndrome not responding to somatostatin analog therapy\[[@B94]\]; (2) Interferon-alpha: 3 to 5 millions up to 3 to 5 times per week can improve the symptoms of carcinoid syndrome (flushing, diarrhea) in 40% to 50% of cases refractory to somatostatin analog therapy\[[@B95],[@B96]\]. Interferon has multiple antitumor effects as it can stimulate T cells, induce cell cycle arrest and inhibit angiogenesis. But Interferon is rarely used because of its tremendous side effects; (3) Everolimus - a mammalian target of rapamycin inhibitor in combination with octreotide can improve flushing and diarrhea in patients with carcinoid syndrome refractory to octreotide therapy\[[@B97]\]; (4) 177-Lutetium dotatate (peptide receptor radioligand therapy): Can improve diarrhea in patients with carcinoid syndrome refractory to octreotide\[[@B98]\]; and (5) Anti-diarrheal agents -- lomotil, loperamide and cholestyramine are good adjunctive therapies to control diarrhea.

Carcinoid crisis
----------------

Carcinoid crisis is a critical complication of carcinoid syndrome characterized by wide fluctuation of blood pressure (hemodynamic instability) with a predominance of hypotension, severe flushing, dyspnea and confusion due to release of huge amount of bioactive amines from the NET into the systemic circulation\[[@B99]\]. The crisis is triggered by either exposure to anesthetic agents or manipulation of the tumor during biopsy or surgery or embolization. Treatment is administration of mega dose of octreotide (500 μg to 1000 μg intravenous bolus followed by infusion of octreotide 50 μg to 200 μg per hour\[[@B100]\]. Administration of intravenous fluid alone may not be effective. Calcium and adrenergic agents should be avoided to improve blood pressure as paradoxical effect can occur in these patients as they can increase release of bioamines from the NETs. Prophylactically, octreotide 300 μg to 400 μg is given intravenously or subcutaneously prior to biopsy, surgery and embolization of NETs to reduce the occurrence of carcinoid crisis\[[@B101]\].

Carcinoid heart disease
-----------------------

Patients with carcinoid syndrome generally present with symptoms and signs of right heart failure with systolic murmur along the left sternal edge. Diagnosis is established by doing 24 h urinary 5-HIAA and transthoracic echocardiography\[[@B102]\]. N-terminal pro-brain natriuretic peptide (NT-proBNP) \> 260 ng/mL is also useful as a biomarker of the presence of carcinoid heart disease\[[@B103]\]. Management includes administration of somatostatin analogs and other measures to control carcinoid syndrome as well as treatment of right heart failure with salt and water restriction, loop diuretics and digoxin. Tricuspid and pulmonary valve should be replaced in case of symptomatic valve disease and progressive ventricular dysfunction\[[@B104]\]. Annual clinical evaluation with serum NT-proBNP should be done for early detection of carcinoid heart disease. Carcinoid heart disease should be managed by a multidisciplinary team which includes gastroenterologists, oncologists, NET experts, endocrinologists, cardiologists and cardiothoracic surgeons.

Appendiceal NET
---------------

Appendiceal NET represents the 3^rd^ most common NET in the GI. Most of the patients are asymptomatic and diagnosed incidentally with 0.3% to 0.9% cases undergoing appendectomy. The average age of diagnosis is 42 years and it occurs more commonly in females than in males\[[@B105]\]. They are generally submucosal and have a predilection to be located at the tip of the appendix\[[@B106]\] but in about 10% of cases, they can develop at the base of the appendix leading to obstruction and appendicitis\[[@B107]\]. Histologically, appendiceal NETs are EC-cell (serotonin-producing) NETSs, L-cell-type NETs and MiNENs (goblet cell cancer and adenocarcinoid). The local and distant metastatic potential depends on the size and histology of the NET. NET size \> 2 cm, NEC and MiNEN have higher incidence of metastasis\[[@B108],[@B109]\]. Consensus guideline (Table [4](#T4){ref-type="table"}) suggests that simple appendectomy should be enough if the NET size is \< 1 cm. If the NET size is 1 cm to 2 cm, appendectomy and periodic post-operative follow up is recommended for 5 years. Right hemicolectomy should be considered in this category if any of the following criteria is present: involvement of the base of the appendix, cecal infiltration, invasion into the mesoappendix or serosa, involvement of tumor margin, positive lymph nodes, lymphovascular invasion, presence of goblet cells or poorly differentiated cells, Ki67 index \> 2%, MiNEN)\[[@B110]\]. If the NET is \> 2 cm, treatment is right hemicolectomy within 3 mo from the time of appendectomy but staging work up is required. The National Comprehensive Cancer Network recommends multiphasic CT or MRI of abdomen and pelvis. SRS-based scan (Octreoscan) or (68)Ga-DOTATE PET/CT, serum CgA, 24 h 5-HIAA should also be considered\[[@B111]\]. Colonoscopy is also indicated to evaluate for synchronous colorectal cancer\[[@B112]\].

###### 

Appendiceal neuroendocrine tumor: Size and surgery

  **Appendiceal NET size**   **Surgery**
  -------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  \< 1 cm                    Simple appendectomy
  1 cm to 2 cm               Appendectomy and periodic post-operative follow up is recommended for 5 yr. Right hemicolectomy should be considered in the presence of involvement of base of the appendix, cecal infiltration, invasion into the mesoappendix or serosa, involvement of tumor margin, positive lymph nodes, lymphovascular invasion, presence of goblet cells or poorly differentiated cells, Ki67 index \> 2% or MiNEN
  \> 2 cm                    Right hemicolectomy within 3 mo from the time of appendectomy but staging work up is required. This includes multiphasic computerized tomography or magnetic resonance imaging of abdomen and pelvis. SRS-based scan (Octreoscan) or (68)Ga-DOTATE PET/CT, serum CgA, 24 h 5-HIAA and colonoscopy to evaluate for synchronous colorectal cancer

NET: Neuroendocrine tumors; (68)Ga-DOTATE PET/CT scan: Gallium -68 DOTATE positron emission tomography/computerized tomography scan; CgA: Chromogranin A; 5-HIAA: 5 hydroxylindoleacetic acid; MiNEN: Mixed neuroendocrine neoplasm.

Colonic NETs
------------

The second most prevalent advanced gastrointestinal cancer after colorectal cancer. As per SEER registry, the incidence of colonic NETs increased from 0.02 per 100000 in 1973 to 0.2 per 100000 in 2004\[[@B113]\]. The mean age of presentation of colonic NETs is 7^th^ decade of life and female to male ratio is about 2:1\[[@B114]\]. Colonic NETs arises from Kulchitsky cells or enterochromaffin cells located within the crypts of Lieburkuhn of colon. Nearly 70% of colonic NETs are in the right colon, particularly in the cecum\[[@B115]\]. The patients remain asymptomatic until the NET size becomes large because of increased diameter of right colon than left colon. At the time of diagnosis, the average size of the NETs is about 5 cm and most have local or distant metastasis. Patients generally present with abdominal pain due to mass effect or tumor-induced desmoplastic reaction, gastrointestinal bleeding and weight loss. Sometimes, colonic NETs are detected as a mass lesion during screening colonoscopy. Treatment is segmental colectomy with wide regional lymphadenectomy. The overall 5-year survival is 33% to 42%. Imaging studies should be done to stage colonic NETs.

Rectal NETs
-----------

There is 10-fold increased incidence of rectal NETs over the last 30 years. The incidence of rectal NETs is approximately 1 per 100000 populations per year\[[@B116]\]. The mean age of diagnosis of rectal NETs is about 56 years and they are slightly more common in males than in females\[[@B117]\]. They also have higher incidence and prevalence in both Asian Americans and African Americans as compared to Caucasians. Most of the rectal NETs remain asymptomatic and are diagnosed incidentally during screening colonoscopy or when lower endoscopy is done for another reason\[[@B118]\]. Symptomatic patients may present with rectal bleeding, rectal discomfort, pruritis ani and change in bowel habit. Endoscopically, rectal NETs appear as smooth, round, sessile, polypoid lesions with overlying normal appearing or yellow- discolored mucosa, usually located within 5 to 10 cm of the anal verge. But as the diameter of the NET exceeds 5 mm, atypical endoscopic findings are noted and these include semipedunculated appearance, hyperemia, central depression, erosion and ulceration\[[@B119]\]. Most of the rectal NETs (80% to 90%) are \< 1 cm in size, confined to the submucosa and well-differentiated NENs at the time of diagnosis. EUS and MRI of the pelvis play an important role in the evaluation of depth of rectal NETs and regional lymph node involvement. MRI is more sensitive in detecting nodal disease, and EUS in differentiating submucosal from muscularis propria involvement. Conventional polypectomy is ineffective as most of the rectal NETs are submucosal. In one study, complete resection rate by conventional polpectomy was 30.9%\[[@B120]\]. Piecemeal biopsy removal of rectal NETs should be discouraged as histological assessment of lateral and deep margins cannot be done. Traditional EMR (submucosal injection to lift the lesion followed by snare polypectomy) is effective for lesions \< 0.5 cm. Curative resection of rectal NETs ≤ 1 cm in size can be done by device-assisted EMR (cap-assisted EMR or ligation-assisted EMR) or ESD as long as EUS examination does not show muscularis propria invasion and pararectal lymph node metastasis\[[@B121],[@B122]\]. If the rectal NET is 1 cm to 2 cm in size and there is no muscularis propria invasion and pararectal lymph node metastasis, ESD or wide surgical excision is recommended. As the metastatic potential is high with rectal NET \> 2 cm in size, low anterior resection or abdominoperineal resection is advocated in those cases. SRS-based scan (Octreoscan) or (68)Ga-DOTATE PET/CT should be done to detect any distant metastasis. Treatment options for metastatic rectal NETs include systemic therapies, liver directed therapies and palliative surgery. As per European Neuroendocrine Tumor Society, patients should have surveillance following complete resection of rectal NETs as follows: (1) Rectal NET \< 1 cm (grade 1 or 2): No surveillance needed; (2) Rectal NET \< 1 cm (grade 3): Annual colonoscopy for 5 years; (3) Rectal NET 1 cm to 2 cm (irrespective of grade): Colonoscopy, EUS and MRI at 12 mo, then colonoscopy every 5 years; (4) Rectal NET \> 2 cm (grade 1 or 2): Annual colonoscopy, EUS and MRI for 5 years; and (5) Rectal NET \> 2 cm (grade 3): Colonoscopy, EUS and MRI every 4 mo to 6 mo during the first year, then annually for 5 years.

Serum CgA can give additional information during surveillance if elevated at time diagnosis and normalized after resection of the NET so that increase in CgA level may indicate recurrence of the NET. Rectal NETs have the best prognosis among all the GI-NETs with 5-year survival rate of 74% to 88% as per SEER database and Norwegian Register of Cancer for the period 1993-2004\[[@B123]\].

CONCLUSION
==========

The GI-NETs are rare but their incidence and prevalence have been increasing. They have characteristic biology, histopathology and clinical behavior. Most of the time, they are slow growing tumors but can be rapidly growing at times depending on the site, size and grade of the tumor. Majority of the GI-NETs are non-functioning except a few which can secrete bioactive amines and hormones and produce hormonal syndrome. Patients tend to be asymptomatic but can sometimes present with symptoms from mechanical causes as the tumor enlarges or causes fibrosis along with GI bleeding. GI-NETs are generally diagnosed and staged by endoscopy with biopsy, serology of biomarkers, EUS, imaging studies and functional somatostatin scans. Histologically, diagnosis is confirmed by positive immunohistochemical staining of CgA and synaptophysin. Treatment and prognosis depend on the grade and stage of the tumor. Current treatment modalities include endoscopic resection, surgery, somatostatin analog therapy, Peptide receptor radioligand therapy, chemotherapy, liver targeted therapy (radiofrequency ablation, bland embolization and chemoembolization) and symptomatic treatment. Immunotherapy will serve as a future treatment modality. Patients should be kept under surveillance program following treatment of GI-NETs.
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